Various abiotic and biotic factors may determine the spatial distribution patterns of Cladocera in a lake. 
INTRODUCTION
Heterogeneous distribution of zooplankton in lakes in patches of varying sizes depends on concurrent abiotic and biotic processes, which makes up the so-called multiple driving forces hypothesis (Pinel-Alloul, 1995) . Wind currents, internal seiches and vertical stratification are some of the abiotic factors determinant of horizontal distribution at a coarse scale, while vertical and horizontal migration, phytoplankton distribution patterns, predation by invertebrates and active swimming are the evocated biotic processes (Pinel-Alloul, 1995) . At a fine scale, Langmuir circulation and physical gradients are the determining abiotic processes, and reproductive and swimming behaviors, co-active interactions, vertical migration and phytoplankton distribution are the biotic processes to which the formation of aggregates is attributed (Pinel-Alloul, 1995) .
Micro-scale patches are actually observed in a lake's littoral zone and swarms of some zooplankton species are regulated by biotic processes (Malone and MacQueen, 1988) . Four mechanisms may be mentioned as determining the formation of zooplankton patches: diel vertical migration, predator avoidance, food finding and mating (Folt and Burns, 1999) . Individual responses to mates, food and predators are small-scale processes in the formation of small zooplankton clusters, while horizontal and vertical migrations are large-scale processes in the formation of large micro-crustacean aggregates and swarms (Folt and Burns, 1999) . Both intermediate scales (coarse and fine scales) of zooplanktonic aggregates are actually found in small lakes (Malone and McQueen, 1983; Pinel-Alloul, 1995) .
Some papers have compared the distribution of microcrustaceans sampled in transects from lakes littoral to pelagic zones (Pinel-Alloul et al., 2004; Adamczuk and Mieczan, 2013) . Others present sampling systems used along various littoral sites and in lake and reservoir limnetic zones (Bernot et al., 2004; Lazareva et al., 2013) ; however, studies on the simultaneous prevalence of Cladocera at both horizontal and vertical dimensions of lakes are relatively rare.
The region shaped by marginal lakes and rivers located in the confluence zone of tributaries into reservoirs forms an artificial wetland (Junk et al., 2014) . The intensity of hydrological pulses in this area is greatly reduced due to the reservoir water volume functioning as a buffer system N o n -c o m m e r c i a l u s e o n l y (Henry, 2005) . This peculiar area presents a behaviour distinct from actual floodplains submitted to single or multiple hydrological pulses along the year. In the high water phase, water lateral inflow from the river determines water quality homogeneity in aquatic marginal environments (Thomaz et al., 2007; Granado et al., 2012) and in limnophase, in the zooplankton communities (Lansac-Toha et al., 2009) . In a study on seasonal variation in four different annual periods with distinct hydrological situations, Panarelli et al. (2014) showed that cladoceran abundance was 10 times higher in the lake-river disconnection period in comparison to the connection period. Reduction in the lake volume promoted a concentration effect and eutrophic conditions which determined an increase in cladoceran abundance (Panarelli et al., 2014) .
The aim of this paper was to examine the horizontal distribution of cladoceran populations in two distinct hydrological situations: i) in the low water phase at the end of the potamophase, when the marginal lake shows great reductions in volume and depth; and ii) in the high water phase, when the lentic environment presents contrasting dimensions in relation to the low water phase.
Considering that different factors may determine the formation of cladoceran patches in a lake, we sampled the assembly at fine scales in order to examine the variation in horizontal distribution in population densities and the correlated abiotic parameters. Our assumption was that different cladoceran populations present a similar distribution, considering the small dimensions of the lake studied.
METHODS

Study area
Camargo Lake, the selected study area, is a lake marginal to the Paranapanema River in its confluence zone with the Jurumirim Reservoir in São Paulo State, south eastern Brazil (Fig. 1 A,B) . Although connected to the river, lake-river connectivity, defined as the exchange capacity between environments, varies during the year according to fluctuations in the lotic ecosystem water level. According to Henry (2005) , Camargo Lake is small (area: 0.221 km 2 , maximum length: 1.22 km, maximum width: 0.31 km, perimeter: 3.1 km, shoreline index: 1.85) and is classified as a polymictic lake, but it may present temporary micro-stratifications in the afternoons (MoschiniCarlos et al., 1998) . Few macrophyte stands are observed Henry, 2005) and sampling site (P1 to P40) and station (S1 to S17) locations (D) . in the littoral zone due to the lake bottom topography (Henry, 2005) . Grass Echinochloa polystachya (H.B.K.) Hitchcok is observed along all the lake shores. Eichhornia azurea Kunth, a floating macrophyte, is distributed in diffuse stands by the lake, but more densely on the east side.
Sampling procedure
Environmental data and cladocerans were sampled at 40 sites distributed on the pelagic and littoral (3 m from the shore) zones of Camargo Lake (Fig. 1D ) once in the dry (August 21, 2006) and once in the rainy (March 19, 2007) periods, corresponding to the low and high water phases, respectively. To determine the chemical and physical factors, samples were collected at the surface (0.0 m), in the middle and at the bottom (0.5 m above the sediment) of the water column. At sites less than 1.0 m deep, sampling was limited to the surface.
The following variables were measured: i) water temperature with a Toho Dentam thermistor; ii) water transparency with a Secchi disk; iii) depth by sounding; iv) water alkalinity (Golterman et al., 1978) , pH (through a Micronal Mod.B-380 pHmeter), conductivity at 25°C (with a Hatch Mod. 2511 conductivimeter), dissolved oxygen (Golterman et al., 1978) , total nitrogen and phosphorus (Valderrama, 1981) , suspended matter by gravimetry (Wetzel and Likens, 2000) and chlorophyll-a (Golterman et al., 1978) .
Rainfall data were obtained from a pluviometric station from the Water and Electric Power Department at Angatuba (São Paulo State, Brazil), about 25-km away from Camargo Lake. Water level data were provided by the Duke Energy -Paranapanema Company, and Camargo Lake volume variation was computed from the hypsographic curve (Henry, 2005) (Fig. 1C) . The water level variation pattern is similar in both the dam zone and the confluence region of the Paranapanema River with the Jurumirim Reservoir (Pompêo et al., 1999) . Information on wind direction and speed were supplied by the Brazilian Agency of Meteorology.
Cladocerans were sampled by vertical hauling a 50-µm mesh net; a minimum of 100 L were filtered. However, at sites shallower than 1.0 m in the dry period, water was collected only from the surface. The collected organisms were fixed with 4% formaldehyde. A minimum of 150 organisms per sample were counted using a checkered acrylic chamber under a Carl Zeiss Stemi SV6 stereomicroscope. Abundance was expressed in ind m -3
. Microcrustaceans were identified through the literature (Korinek, 1987; Smirnov, 1996; Elmoor-Loureiro, 1997; Orlova-Bienkowska, 1998; Hudec, 2000; Elmoor-Loureiro et al., 2004; Elmoor-Loureiro, 2007) .
Data analysis
Firstly, the data from the 40 sites (P1 to P40) were grouped into 17 sampling stations (Fig. 1D ). Grouping was shaped by site assemblages with no significant differences in abundance of cladoceran species. Differences were tested with t-student and ANOVA tests (Zar, 1996) .
To determine the cladoceran horizontal distribution patterns, the mean crowding equation was used (Lloyd, 1967 ):
x*=X+(S 2 /X -1) where x*=mean crowding, X=population mean and S 2 =variance. According to Mitchell and Williams (1982) , linear regression between the mean crowding (x*) and the mean density (X) of the species supplied information on the zooplankton distribution patterns (uniform or patch distribution). Linear regression between the two variables (x* and X) was computed through:
x*=a+bX where a=constant, b=angular coefficient.
Linear regression angular coefficient data (b) determine the distribution patterns of cladoceran species and can be used as an aggregation index. A distribution pattern of a species in an aggregate formation occurs when b>1; when b=1, the distribution is heterogeneous uniform, and when <1, the specie distribution has an homogeneous uniform pattern.
The aggregation index was obtained using data on the total abundance of cladoceran. Species with abundance <1% of the cladoceran assembly total abundance in either of the two periods studied were not computed into b.
Canonical correspondence analysis (CCA) relating taxa abundance and environmental variables for each period was applied in order to assess the correlations between cladoceran species and environmental factors. Before analysis, the data were log (x+1) transformed.
RESULTS
A decrease in the Paranapanema River water level and a corresponding reduction in the lake volume were observed from April to November, 2006 (Fig. 2) . In early September, 2006 the connection between the lake and the river was disrupted and Camargo Lake remained in limnophase for around four months. Then, intense precipitations from December, 2006 to January, 2007 caused an increase in the lake water level and volume and the association between the lacustrine ecosystem and the Paranapanema River was restored in the middle of December (Fig. 2) . The lake remained thus connected to the river, in a potamophase, most of the year (from April to September, 2006 and, from December, 2006 to March, 2007 . Wind history before sampling showed that the predominant direction was easterly and that the speed was higher in August when compared to March (Fig. 2) . The highest mean maximum and Secchi disk transparency depth values were recorded in the high water phase and the highest suspended matter, total phosphorus and nitrogen values in the low water phase (Tab. 1). The highest water temperature and dissolved oxygen values were observed in the rainy and dry periods, respectively (Tab. 1). Water pH and alkalinity values were higher in the low water phase than in the high water phase and an inverse pattern was observed for conductivity (Tab. 1). In relation to chlorophyll-a, its values were higher in the dry period (Tab. 1).
Cladoceran assemblages were made up of 34 taxa, with 21 species in the dry period and 25 species in the rainy period. Only Bosmina hagmanni Stingelin, 1904 and Diaphanosoma fluviatile Hansen, 1899 were sampled in all sites in both periods. Variability of cladoceran assembly spatial abundance was observed (Fig. 3 A,B) . In the dry period, the mean abundance of cladoceran (82,085±29,203 ind m -3 ; range: 19,549-136,977 ind m -3 ) was around five times as high as in the rainy period (17,571±10,010 ind.m -3 , range: 6,508-42,668 ind m -3 ). Cladocerans were abundant on the east side of the lake in both periods ( (Fig. 3 A,B) . Considering the total abundance, no apparent great variation was observed in the dry period, except a low abundance of cladoceran assembly at stations S1 and S9 (Fig. 3A) . In the rainy period, high abundance values were observed from stations S14 to S17 (Fig. 3B) .
Concerning the relative abundance of cladoceran species in the low water phase, only populations of B. hagmanni, Bosmina longirostris (O. F. Muller, 1785), D. fluviatile and Bosminopsis deitersi Richard, 1895 were observed at all stations. The first three species showed a predominance trend on the east side of the lake and the fourth, to the west (Fig. 4A) . Some species predominated in the high water phase: B. hagmanni (stations S6 and from S13 to S17), Ceriodaphnia cornuta f. rigaudi (Sars, 1886) (S3), Diaphanosoma spinulosum Herbst, 1975 (S1 and S5) and Moina minuta Hansen, 1899 (S2 and S12) (Fig. 4B) . Differently from that observed in the dry period, B. longirostris and B. deitersi populations presented low relative abundances (Fig. 4B) . According to the computed aggregation index, the cladoceran assembly presented a uniform distribution pattern in the low water phase and in the high water phase an aggregate distribution (Tab. 2), with predominant populations on the east side of the lake (Fig. 3) . The majority of cladoceran species in Camargo Lake showed an aggregate distribution pattern in the dry period, except B. longirostris and D. fluviatile. In the rainy period, only B. longirostris presented a uniform pattern (Tab. 2). CCA analysis showed that, for the first axis, some species (B. hagmanni, B. deitersi, C. cornuta f. rigaudi, D. ambigua and D. fluviatile) correlated positively with phosphorus, nitrogen and suspended matter values in the low water phase on the east side of the lake (Fig. 5A) (Fig. 5A) . In relation to the second axis, phosphorus, nitrogen and susTab. 1. Means±SD and variables ranges in the water of the 17 stations at dry and rainy periods in Camargo Lake. 
DISCUSSION
Our data show that species of Ceriodaphnia, Daphnia, Moina, Bosmina, Bosminopsis and genus Diaphanosoma are the most representative in the cladoceran assembly. Variation in relative abundance of species in the two studied periods may have been related to fluctuations in lake volume (Chaparro et al., 2011; Siziba et al., 2011; Panarelli et al., 2014) . Variations in the river's hydrologic level and the lateral introduction of water to the lake induce a dilution effect during the potamophase and a concentration effect on the abundance of cladocerans during the limnophase (Panarelli et al., 2014) . Variation in lake size may determine conditions that are either favorable or unfavorable to the cladoceran assembly species, for example, connection sites between the marginal lake and river (Cottenie and De Meester, 2003) , degree of connectivity between lentic and lotic ecosystems (Alves et al., 2005) and complexity of habitats in the littoral zones (Balayla and Moss, 2003) .
Variations in cladoceran abundances were characteristic of heterogeneous horizontal distribution and a concentration of most organisms was recorded at sampling stations near the site of connection to the river and on the east side of the lake in both periods. A peculiar spatial distribution of cladocerans showed that the majority of the species inhabiting Camargo Lake present a patchy distribution, with the exceptions of B. longirostris and D. fluviatile.
In Camargo Lake, predation is probably a non-controlTab. 2. Linear regression of the means crowding and mean population densities of Cladocera at two periods in Camargo Lake and patterns of species distribution. ling factor of cladoceran distribution due to the low occurrence of predators, such as Chaoborus (Zerlin and Henry, 2014) , and a low density of fish larvae (Suiberto, 2005) . A restrictive condition for predation on cladocerans by fish larvae and Chaoborus is water transparency (Arcifa et al., 1992; Arcifa, 1999) . Relatively low water transparency values were found in Camargo Lake during the two periods, a situation which is adverse to cladoceran predation. In the high water phase, the distribution of the sampling sites evidenced one group shaped by the stations located on the east side of the lake, distant from the site of the connection to the river. The lowest suspended matter concentration and the highest water transparency on the east side of the lake were probably the main factors causing the grouping of a great number of cladocerans. On the west side of the lake, the shallowest side, wind action may re-suspend inorganic matter from the bottom, reducing water transparency and affecting the abundance of cladoceran. The introduction of allochthonous matter by the river during the potamophase was very low due to the presence of Echinochloa polystacha, as it reduced sediment entrapment efficiency (Henry, 2009) . Concerning the factors that affect cladoceran distribution at specific level, a discrepancy was observed between the two periods. In the dry period, B. deitersi, C. cornuta f. rigaudi and D. fluviatile correlated positively with suspended matter and total nitrogen and phosphorus on the east side of the lake (S10 to S16, except S17). Macroelements, such as nitrogen and phosphorus, together with suspended matter, are potential nutritional factors for the lake and promote a high abundance of cladocerans. Although no significant variation was found for chlorophyll-a, an index of phytoplankton biomass, on this side of the lake, suspended matter from organic detritus might be an alternative food resource to algae (Fileto et al., 2010) . Conversely, D. brevireme, D. spinulosum, D. birgei, B. longirostris, Ceriodaphnia cornuta f. intermedia, M. micrura and M . minuta correlated negatively with Secchi disk transparency, water temperature, dissolved oxygen, pH and alkalinity at the shallowest stations (S2 to S9, except S1 and S7). Environmental factors from this region of the lake were decisive in determining the low abundances of these species. During the limnophase, wind may re-suspend sediment with a predominance of inorganic fraction from the bottom of Camargo Lake, which may affect the filtration apparatus of cladocerans (Geller and Muller, 1981) and reduce food ingestion and, thus, the proliferation of the last six species.
The abundance of species at stations S1 to S6, S8, S9 and S17 in the dry period correlated to water temperature and dissolved oxygen, two factors which regulate the cladoceran life history. Low values of these two variables may limit cladoceran survival, reduce growth rates, mating, food ingestion, swimming speed and may affect migration (Sarma et al., 2005; Bunioto and Arcifa, 2007) .
Correlation between water transparency and B. longirostris, C. cornuta f. intermedia, D. birgei, D. brevireme, D. spinulosum, M. micrura and M. minuta was related to a greater sampling station depth and greater concentrations of suspended organic and inorganic matter from S1 to S6. Cladoceran filtration and survival rates are dependent on the quality and concentration of suspended matter in water (Ferrão-Filho et al., 2005; Fileto et al., 2010) . Variation in the abundance of the species above from S1 to S6 and at stations S8, S9 and S17 correlated to water transparency may be affected by fluctuations in the amounts of suspended organic and inorganic matter. Inorganic suspended matter can be harmful to cladocerans, since it may adhere to and obstruct their respiratory and natatory apparatuses (Mourelatos and Lacroix, 1990; Macedo and Pinto-Coelho, 2000) . A high organic content in suspended matter is a sign of food richness, shaped by phytoplankton and organic aggregated detritus (Vilar et al., 2014) . Great food availability may increase the breeding capacity and promote growth and an increase in abundance of cladocerans (Fileto et al., 2010) .
Water pH and alkalinity affect phytoplankton and influence zooplankton indirectly. Neves et al. (2003) found great abundances of C. cornuta f. cornuta, D. spinulosum and M. minuta in marginal lakes of the Cuiabá River (Mato Grosso, Brazil), but no variation on water pH between lakes was detected. Conversely, Choueri et al. (2005) related low abundance of bosminideans to high water pH values in the Ivinheima floodplain (Mato Grosso do Sul and Paraná, Brazil), but with similar contents of chlorophyll-a. Although chlorophyll-a (total pigments) had no correlation with any cladoceran species, an indirect positive effect was evident, since water pH and alkalinity values were favorable to an increase in chlorophyll-a at the sampling stations.
A positive correlation between total phosphorus and Bosminidae species, D. birgei, D. fluviatile and the Moina genus during the high water phase may be explained by a possible nutritional relationship between cladocerans and phytoplankton, considering that phosphorus is an important element for algae growth (Elser et al., 2001; Fileto et al., 2004) . Despite a lack of correlation with cladoceran abundances, chlorophyll-a, as well as phosphorus concentrations, was the highest at stations S2 and from S10 to S17. High amounts of chlorophyll-a at these stations can be considered to be a potential food resource, since high richness values of Chlorophyceae and Cryptophyceae algae have been found in Camargo Lake (Granado and Henry, 2014) . Both types of algae are highly palatable to cladocerans (Mourelatos and Lacroix, 1990; Fileto et al., 2004; Pagano, 2008) .
Considering water transparency and suspended matter, CCA results indicated a similar trend in both the high and N o n -c o m m e r c i a l u s e o n l y low water phases, since the variables can be seen in opposite sides of the figure. Such data may be related to the location of the sampling stations in relation to the lake connection to the river. The highest water transparency values were observed at stations located in the transition and the deepest zones of Camargo Lake (from S9 to S17) and the highest suspended matter concentrations in the shallowest zone (from S1 to S7). At stations near the site of connection of the lake to the river, high allochthonous particulate matter and organic contribution from the littoral zone of the lake favored the correlation found.
Both wind and lake volume variations may affect the seasonal hydrodynamics of a lacustrine ecosystem and determine the shape of cladoceran patches. George and Winfield (2000) attributed the variations in horizontal distribution of cladoceran patches to water movement, wind effect and lake morphometry. Thackeray et al. (2006) asserted that these variables may influence the horizontal distribution of zooplankton patches and thus promote changes in abiotic factors, such as temperature and dissolved oxygen. In Camargo Lake, wind also appears to be an important factor in determining the spatial distribution of cladoceran assemblies. A concentration of individuals was observed at the stations on the east side of the lake in the two periods studied and a higher number of organisms occurred in the dry period, when the daily wind mean speed was also higher.
Wind is an aging factor to water mixing, reducing transparency and re-suspending inorganic matter from the bottom. Wind blowing on the shallow side of Camargo Lake (S1 to S7) may introduce inorganic matter from the bottom to the water column and affect cladoceran filtration rates. At the stations located on the east side of Camargo Lake, the effect of re-suspension is minor, considering that they are the deepest sites and more distant from the connection to the river. To the low water turbulence and low amount of suspended matter in this region of the lake we may attribute the correlation between water transparency and the abundance of bosmideans, Moina genus and, D. birgei and D. fluviatile.
CONCLUSIONS
In conclusion, wind was an important factor in determining the predominance of most of the observed cladoceran species during the two periods studied on the east side of Camargo Lake; however, the aggregation index value revealed a uniform distribution for the assembly in the low water phase. Most cladoceran species presented an aggregated pattern, except B. longirostris in both periods and D. fluviatile in the low water phase, but the patch distribution patterns differed in the dependence of the cladoceran species. Nutritional and environmental factors were determinants of heterogeneous distribution of cladocerans at specific level in the lake. 
